Abstract
Introduction
Since the reform and opening up in china, Chinese economy rabidly developed. At the same time, environmental pollution problems are increasingly serious, especially in the late 1990s. In that time, economic growth mainly relied on a large number of inputs and sacrifice-driven environment, extensive mode of economic growth had brought us economic indicators rose, but it also brought serious environmental problems. The brazenly emissions of various pollutants not only deteriorated the quality of the environment, but also to curb the further growth of the economy, and huge economic losses caused by environmental pollution in China each year. The Central Government attached great importance to these problems. In order to improve environmental quality and enhance businesses' environmental awareness, they took a series of measures, such as drawing up rules and regulations, promulgating legislative act. Coordinated development of environment, resources and industrial growth in China's economic development targets to be achieved, have some practical significance for the coordination of evaluation studies.
There had been some research on the evaluation of environmental coordination. Among them, the most common method is the composite index method [1, 2, 3] , there are scholars establish the coordinated the evaluation model from the point of view of the synergistic theory, system theory [4, 5] , as well as scholars used environmental carrying capacity of environment to judge the coordinated development between environment and economy [6, 7] . Tu [8] used the directional distance function to measure the efficiency of China's 30 provinces and cities, environmental technology, to measure the coordination of environmental and industrial growth, found that the coordination of the environmental industry in the region is extremely uneven. Yang and Hua [9] using the directional distance function measured during the period 2001-2007, industry growth and environmental compatibility status and found that China industry from achieving "rapid" development, there are certain gap. Dier Daie et al [10] used STIRPAT model to analyze the relationship between urbanization, energy use, and CO2 emissions the results show that the effect of urbanization on CO2 emissions is positive and significant. No inverted-U-shaped correlation between CO2 emissions and income levels has been found in China. Cui et al [11] predicted the data of 3E System from 1995 to 2015 using the establishment of EnergyEconomy -Environment VAR model. Meanwhile, they used impulse response functions and variance decomposition to analyze the dynamic relationship among China's energy, economy and environment.
More than researchers in the study of environmental problems, mostly with a single environmental contaminants as environmental indicators, and energy consumption have been neglected in the selection of the input indicators, a single environment pollution indicators and energy consumption ignored cannot evaluate the coordination of the environmental, resource and industrial growth, so this paper used the directional distance function, the integrated pollutant emissions and energy consumption into the analytical framework; Furthermore, the efficiency of environmental technology comprehensive advantages of technical efficiency (only consider the growth) and environmental performance (only consider the environment), considered growth of "good" output, the reduction of "bad" output, so we used this method to measure the environment technical efficiency, and evaluated coordination of China's industrial environment, resources and industrial growth during 2001-2008 period.
Methodological issues
The method used in this paper is directional distance function, the directional distance function was first proposed by Chambers [12] as the promotion of the Luenberger profit function, then others for the study of the productivity and efficiency of banking, industry by industry. In the banking sector, the domestic research scholars such as Chen et al [13] and Chang [14] , used this method to measure China's banking sector includes the technical efficiency of non-performing loans. Foreign scholars such as Simpson [15] used it to take unrestricted and limitations of data into the DEA framework, evaluating of the bank performance of the branches effectively. In the industry sector, the application of directional distance function is to integrate environmental considerations into economic analysis framework, which is different from environmental production function, focusing only on maximizing the good output.
The directional distance function has certain advantages: it does not require contaminants' price information, just need to get a number of various forms of pollution emissions. Its main idea is: both an increase in output, but also the pollution reduction. This is in line with China's economic resources, and environmental development of the strategy.
In order to better understand the research methods required to understand three concepts: environmental technology, directional distance function and efficiency of environmental technologies.
Environmental Technology
In order to integrate environmental considerations into the framework of efficiency analysis, you first need to construct a possibility set containing "good" output and "bad" output of the production. Fare [16] will contain the structural relationship between the "bad" output, including output and factor resources into as environmental technology. (1) p(x) provides a description of all technologically feasible relationships between inputs and outputs. p (x) has four characteristics: (1) The weak disposable, this feature considers that "bad" products ' reduce need to invest resources and facilities to deal with environmental pollution, resulting in the normal output reduced because the inputs. This shows that the reduction of pollution costs, and thus the idea of environmental regulation included in the analysis framework, the direction vector g = (y,-b). (2) Strong disposed, in addition to the weak disposed of between "bad" products and "good" output, but also assumes that "good" the product has completely disposable. In the same scale of investment and pollution, the normal output can be more or less. (3) Environmental technologies has another characteristic is the combination of zero, that is to say if there is no "bad" products, there would be no "good" products. (4) Free dispose, referring to the input elements can freely dispose of.
Directional Distance Function
The structure of environmental technology is conducive to the interpretation of the concept, but not contributing to the calculation, then Fare et al [17] introduced the directional distance function, under the ideological construct of the shortage function of Luenberger directional distance function:
In the expression (2), g = g  , g  , g   represents the output expansion of the direction vector (the choice of g is not the only). If the vector g = (−x, −y, −b), seeks for the maximum attainable expansion of desirable outputs in the g  direction and the largest feasible contraction of undesirables and inputs in g  and g  . β is maximum feasible number of how many the "good" output y growth, and how much investment and "bad" output b to reduce. Let us further assume that we have a sample of k = 1,…, K producers using a vector of n = 1,. . .,N inputs to obtain a vector of m = 1,. . .,M desirable outputs and a vector of j = 1,. . .,J undesirables. Under the assumptions made on the technology of reference, the directional technology distance function of expression (3) can be computed for firm k ′ x , ′ , y , ′ , b , ′ solving the following programming problem:
Environmental Technical Efficiency
Similar to the traditional definition of technical efficiency, environmental technologies efficiency (ETE) estimates can be defined as an index between 0 and 1:
Environmental technical efficiency reflects not only the "good" output and the maximum of "good" output gap, but the "bad" output with the minimum of "bad" output gap. When observation points in the environment of the production frontier, the directional distance function value is 0, the environmental technical efficiency is 1. Evaluate the coordination of the industry environment, resources and industrial growth, the environmental technical efficiency is greater, indicating the more near to the environmental production frontier, and the corresponding industry is more coordinated.
Data set and empirical application
This paper studied coordination of China's environment, resources and industrial industry growth, the object is 36 industries in China during [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . According to industry division in the China Statistical Yearbook, in order to maintain the industry classification consistency and continuity in the energy index, environmental indicators and economic indicators, ultimately identified 36 industries. In this paper, the industrial enterprises were above designated size, industry data were from the China Statistical Yearbook and Environment Statistical Yearbook.
Data and variables
(1) Input variables Capital investment as one of the input indictor, and Choose the annual mean balance of net fixed assets, using industry capital investment to measure the indictor; labor input is generally measured by the labor time or labor number, the labor time are difficult to obtain, there is no corresponding index data in China Statistical Yearbook, so we chose the above-scale industries Annual Mean the number of labor as labor input; Industrial enterprises, economic activities cannot do without certain resources. The paper chose industry's total energy consumption as a resource input of each industry.
(
2) Output variables
The
The choice of "good" output indicators have always been of great controversy, and some scholars chose the total industrial output value, some chose the industrial added value, but most scholars tend to chose the industrial added value, on the basis of previous industrial, added value is the measure of "good" output in this paper; The choice of "bad" output indicators when compared to the "good" output indicators is more numerous. For a more comprehensive and more integrated assessment of the coordination of environmental, resource and industrial growth, choose a comprehensive environmental indicators. The total discharge of industrial wastewater, industrial sulfur dioxide emissions and emissions of industrial solid waste was "Bad" output.
Input and output data are the proportion of total industry corresponding indicators so as to eliminate the impact of price factors and some other uncertainties. Table 1 . Define the relative coordination of the environment, resources and industrial growth by the value of the ETE. ETE for the environment, resources and industrial growth between 0.8 and 1 is a high degree of coordination; between 0.7 and 0.8, is in a more coordinated condition; 0.7 below for the environment, resources and industrial growth is in an uncoordinated condition. Then, we analyzed the coordination and development of 36 industries' environment, resources and industrial growth from static and dynamic aspects. The number in the sector represents the industry, and list only part of the industries.
Empirical applications
(1) The static evaluation of the environment, resources and industrial growth According to the input and output data, using mathematical linear programming technique, calculate environmental technical efficiency for each year and each industry, and industry-wide environmental technical efficiency.
Industry-wide ETE is 0.75994, indicating that under the technical level in recent years and environmentally stringent regulation, ideal for investment of capital, energy and labor will be reduced 24%, the ideal output would increase by approximately 24%, the corresponding pollution emissions
will be reduced to about 24 percent, and ETE in China maintained a high development. According the definition above, China's development of the industry is in a more coordinated state, but there is a gap to the high degree of coordination, China is still a huge energy saving space. For each industry analysis, industry coordination is shown in Table 2 . According to the value of the mean ETE, Manufacture of Paper and Paper Products in the value of the ETE for eight consecutive years is 1 and in the environmental outcomes the forefront of highly coordinated industry, can be used as a benchmark for other industries, is the "leader. " However, as we all known this industry is a highly polluting industry, it ranked first because our government gave lots of regulation and its technology is a limitation. Production and Supply of Water ranked last, lowest of the efficiency of its environmental technology industry, should attach governance and consolidation. Uncoordinated industry in the 36 industries accounted for 28%, more coordinated industry is about 38%, and coordination in China faces great challenges, a lot of room for improvement.
Highly coordinated industries has more intense competition, most of them are emerging industries and technology-intensive and highly opened degree. Uncoordinated type of industry are mainly the mining and chemical industries, such industries are mostly monopolized operation, low degree of openness, including the chemical industry, its coordination is mainly due to the backward production technology and irrational structure. Mostly due to China's chemical enterprises, small scale production, low level of automation, resulting in higher material and energy consumption of the higher pollution emissions.
(2) Evaluation of environment, resources and industrial growth dynamics According to the mean ETE of industry-wide and calculated each type of coordination of the mean environmental technology, to make the broken line in Figure 1 , to react its trend. Table 3 . The ETE instability and deterioration trend of the industry were two types ,that are the highly coordinated converted to more coordinated and more coordinated converted to uncoordinated, these industries need to adjust and improve; there are three types of Whether from static or dynamic perspective of industry coordination, China was in a more coordinated development, had not yet achieved a highly coordinated development, and not achieved "rapid" development; there were some industries in the uncoordinated development, and not environment-friendly.
Concluding remarks
As to evaluate our environment, resources and industrial growth coordination, we measured the environmental technical efficiency of China's industries during 2001-2008, using directional distance function. Overall, the mean technical efficiency of our industry-wide environment is 0.75994. China's environment, resources and industrial growth was in a more coordinated state. There was a gap from the "rapid" development, and there was still some energy saving space. Coordination needs to be further improved. Through static and dynamic analysis, we found that the Manufacture of Tobacco, Manufacture of Articles For Culture, Manufacture of Electrical Machinery and Equipment and other technology-intensive and high degree of openness of the industry environment were better coordination; the industry which have monopoly and with lower openness were in poor coordinated, such as the mining and chemical industry. We can see that the rationalization of the system of property rights, the promotion of technological innovation will help improve the environmental compatibility and reasonable firm size is also conducive to the coordination and development of enterprises. National macro-control, uncoordinated industry is a key national governance objects; More coordinated industry should be given support to promote better development; Highly coordinated industry should be encouraged their continued development, driveling other industries to the coordinated development, as to realize "good and fast development" of China's environment, resources and industrial growth. Accordingly, in the process of development of the industry should take the appropriate environmental regulation, to ensure the industry "low emission", "low pollution" and "low consumption". Of course, it is noteworthy that different industries have different characteristics; each of them should choose a different path of development and different means of regulation and regulatory strength.
Should be noted that this method cannot be a good solution to the slack, resulting in environmental technical efficiency identify is low.
